ABSTRACT
INTRODUCTION
The genus Amaranthus L. consists of about 70 species, of which 40 are native to the Americas and the rest to Australia, Africa, Asia and Europe (Sauer, 1955 and Costea et al., 2011) . It is an important genus of weeds and edible vegetables (Olorode, 1984) , dicotyledonous, herbaceous plants with erect stems and enormous inflorescences. The flowers are arranged in small and much contracted cymes, the first flower within each cyme, in monoecious species being male (Costea et al., 2011) . Exceptions to this are A. dubius and A. spinosus which have the male and female flowers on separate cyme (Murray, 1940) . Due to some stated unique properties and versatile usage, grain amaranth has gained increased attention since 1970s. This re-discovered crop has some agricultural advantages and noted ability to grow successfully in adverse environmental conditions such as high irradiance, temperature and drought. It is one of a few C4 dicots belonging to the group of NADmalic enzyme-type of C4 metabolism. Amaranthus is a plant which is known to have some ethnopharmacological activities (Khan et al., 2011 ) with a high nutritional value and its flowers produce edible seeds (Mayhew and Penny, 1998) . Since Amaranthus species have a wide array of uses, there is need to encourage their cultivation for domestic and industrial uses (AbdulRaham and Oladele, 2004) .
In recent treatment of Amaranths, only two or three infrageneric taxa were recognised usually sections Amaranthus and Blitopsis (Carretero, 1985; Mosyakin and Robertson, 1996) . However, such a complicated taxon requires a more detailed study. A complete system of the genus can be worked out only as part of the taxonomic revision at species level on a worldwide basis, because proper placement of many taxa especially those native to South America, Australia and Africa is not completely clear yet. Pandey and Misra (2009) and Zhigila et al. (2014) , suggested that pollen morphological characters play a major role in solving taxonomic problems. Palynological characters have been able to reposition several disputed genera and interpret problems related to the origin and evolution of many taxa (Nair, 1980) and provide classification of angiosperms (Cronquist, 1981) . Quantitative and qualitative analysis of pollen assemblages, on the other hand, provides the primary basis for interpretation of plant community response to climatic and anthropogenic environmental change (Kneller and Peteet, 1999; Watts, 1979; Davis, 1969; Willard et al., 2003 Willard et al., , 2004 . Zhigila et al. (2014) suggested that such analyses rely on accurate identification of pollens for quantitative and qualitative comparison. Hence pollen spore morphology helps in delimitation of plant taxa. The present study therefore is to elucidate use of the variation in floral and pollen features for species delimitation in some Amaranths.
MATERIALS AND METHODS Study materials
Flowers of five species of genus Amaranthus were collected for palynological studies (Table 1) .
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The specimens encountered were identified to species level using the services of experts and employing relevant flora books such as Handbook of West African Weeds (Okezie and Agyakwa, 1998) , Hausa names for plants and trees (Blench and Dendo, 2007) and authenticated at the Herbarium in the Department of Plant Biology, University of Ilorin, Ilorin, Nigeria.
Pollen isolation and microscopic studies
Pollens were placed and smeared on microscope slides and immersed in a few drops of isopropyl alcohol for 5 minutes to remove waxy substance from the pollens. The specimens were then mounted in glycerine for microscopic observation. The cover slips were ringed with nail varnish to create a semi-permanent slide.
This method followed those of Horrocks et al. (1999) as amended by AbdulRahaman et al. (2013) .
Specimens were photographed under oil immersion using Am scope microscopic camera (MU1000, FMA050) and Kodak digital camera (Kodak Easy Share C913). Measurements were made using an ocular micrometer, pollen description and identifications followed those of Willard et al. (2004) .
Frequency of pollen types:
Using 35 fields of view at x40 objective as quadrat, the numbers of pores on pollens were noted to determine the frequency of the different pollen types present. Frequency of each pollen type was expressed as percentage occurrence of such pollen types based on all occurrences using this formula: P/y x 100 where p = the occurrence of each pollen type in the field of view; y = total occurrences of all pollen types. Density of pollen types: The density of pollen types was determined as the number of pollen types per square millimetre (mm 2 ). Fields of view at x40 objective in a square millimetre were used for the counting. Statistical analysis: All data were processed using Analysis of Variance (ANOVA) and Duncan's Multiple Range Test (DMRT). Computer software used was SPSS version 17. A probability value of 0.05 was used as benchmark for significant difference between parameters.
RESULTS AND DISCUSSION
Pollen variations mainly in the pollen types, sizes, shapes and ornamentations were observed. Five types of pollen apertures were identified from all the five species studied (Table 3 and Plates 1 -9) with periporate and monolete being the most frequent occurring 100% in A. australis and 78% in A. spinosus respectively ( ). Two diagnostic shapes were noticed in the samples studied (Plates 1 -9). These are -spherical grains in A. spinosus and A. viridis (Plates 1 and 5) and oval grains in A. hybridus, A. australis and A. tricolor (Plates 2, 3, 4, 6, 7, 8 and 9) . Franssen et al. (2001) observed that the pollen grains in species of Amaranthus were spherical shaped with polypantoporate, or golf ball-like, aperture arrangement. Variations in pollen morphology may provide taxonomic and evolutionary significance in identification, differentiation and classification of taxa (Pandey and Misra, 2009 ). The physical properties of amaranth pollen, specifically size, density, and settling velocity, can influence pollen flight and pollinosis (Sosnoskie et al., 2009 ).
Results of this study provide evidence that Amaranthus species are eurypalynous (multipalynous) and that the genus is anemophilous. The pollen grains are generally small, rounded, smooth, thin-walled and dry but vary among species within this genus. This indicates that pollen characteristics may be used to delimit the species in this genus. Based on the features observed above, the following indented dichotomous key has been developed to allow for separation of the five species of Amaranthus studied 1a. flower aestivation quincuncial, pollen density < 5.00mm 
